The aim of this study was to characterize the biochemical profiles of the virgin olive oils produced in various districts of Aegean and South East Anatolia regions of Turkey over two growing seasons (2001-2002). The olive oils were extracted by classic hydraulic pressing, three phase continuous system, Abencor oil method at laboratory scale, and foot oil process from monocultivar Turkish olives, including Ayvalik, Memecik, Nizip Yaglik, Gemlik, Domat, and Uslu. Total phenolics, ortho-diphenols, oxidative stability, and total chlorophylls of the oils differed by location. The cis-trans fatty acids, triacylglycerols, and the actual versus theoretical equivalent carbon number of 42 (ECN 42) triglycerol content ( ECN42) were within national and international averages. Oil samples from the three phase continuous system had higher total phenolic contents than those of the hydraulic pressure system. Turkish monocultivar virgin olive oil samples were classified by biochemical profiles using the principal component and hierarchical cluster analyses multivariate statistical methods. Clustering analysis defined groups according to growing location. Triacylglycerols and fatty acid profiles can be used for identification of monocultivar olive oils with regard to authenticity and classification.
INTRODUCTION
Olive oil production has normally been concentrated in the countries of the Mediterranean basin, including Spain (36%), Italy (25%), Greece (18%), Tunisia (8%), Turkey (5%), Syria (4%), Morocco (3%), and Portugal (1%). Olive trees grow between the latitudes of 30 • and 45 • of the Northern and Southern hemispheres. Olives grow especially well in locations having a Mediterranean climate. The eight countries in the Mediterranean zone account for 90% of the world production of olive oil. Turkey is the fifth largest producer of olive oil in the world, with an average annual yield of 145,000 tonnes over the period of 2004-2008. [1] Turkey has five distinct olive growing regions, namely, the Aegean, Marmara, Mediterranean, Southeast Anatolia, and Black Sea, and 75-80% of the total olive oil production in Turkey is located in the Aegean region. There are many well-known cultivars used for olive oil in Turkey, many of which are region specific. Table 1 Cultivars, locations, and crop years of olives used for the oil extracting. One sample (Uslu cultivar, Kemalpaşa 2) was obtained from the Abencor extraction process (AP). [5] Additionally, one sample (Memecik cultivar, Selimiye-Milas, Mugla) was obtained by the traditional foot oil extraction (FO) method, the primitive extraction system from ancient Turkey. [16] The four of monocultivar oil samples were blends from various growing locations in the north and south of the Aegean region, which were produced by a commercial firm inİzmir. These oils were based on two sub-regions with their corresponding monocultivars (Ayvalık and Memecik) and on two oil extraction systems (pressing versus three-phase continuous). All samples were extracted between November and December. Sample aliquots were removed from each of three bottles from the same extraction for each sample. For each oil sample, 1500 mL were divided into three dark glass bottles, 500 mL per bottle, and refrigerated at 4 • C until they were analyzed.
10 mL with water. The absorption of the solution was measured after 2 h at 725 nm against a reagent blank. Caffeic acid served as a standard for preparing the calibration curve ranging from 0.05-0.5 mg/mL assay solution. Total polyphenols were expressed in mg caffeic acid mg/kg oil.
The concentration of ortho-diphenols in the methanolic extract was determined with sodium molybdate dihydrate. [18] The procedure consisted of dilution of 0.2 mL extract to 1 mL with water, and the addition of 1 mL 0.1 M phosphate buffer (pH 6.5) and 2 mL 5% sodium molybdate dihydrate solution. The content was vigorously mixed and the absorption was measured after 15 min at 350 nm against a reagent blank in a spectrophotometer (Carry 50 UV-Vis, Varian Inc., Mulgrave, Victoria, Australia). Caffeic acid served as a standard for preparation of a calibration curve in the range of 0-50 mg/mL assay solution.
The results of o-diphenols are given in mg caffeic acid mg/kg oil.
Oxidative stability. The oxidative stability of virgin olive oil was estimated by the Schaal oven method, by heating a sample for 24 h at 98 • C (±2 • C), described in Škevin et al. [19] Briefly, 10 g of oil was placed in each of two open petri dishes and placed in an oven at 98 • C (±2 • C) for 24 h. Stability was expressed as the change in peroxide value (CPV %) according to the formula:
where PV1 is peroxide value of the sample at the beginning and PV2 is peroxide value at the end.
Chlorophyll determination. The total chlorophyll content was calculated at 630, 670, and 710 nm, using carbon tetrachloride in a spectrophotometer (Carry 50 UV-Vis, Varian Inc., Mulgrave, Australia). The calculation of total chlorophyll content [7] is as follows:
where A is the absorbance of the oil at the respective wavelength and L is the cell thickness (cm).
Color determination. Olive oil color was determined according to the Quick Method for the Definition and Classification of the Color of Virgin Olive Oils standard method. [20] The 60 standard solutions for the color determination were prepared with increasing volumes of 0.04% Bromothymol Blue (BTB) in 1/15 M potassium dihydrogen phosphate/sodium dihydrogen phosphate solution, according to the established procedure. [19] The BTB standard was stored in the dark at 20 • C.
Fatty acid determination. The cis-trans FA contents were determined using a capillary gas chromatographic method described in the European Union Commission. [17] Fatty acid methyl esters (FAMEs) were prepared by saponification/methylation [17] by vigorous shaking of 0.2 g oil in 3 ml hexane and 0.4 ml of 2 M methanolic potassium hydroxide. Fatty acid analyses were carried out by gas chromatography (HP 6890) using a DB-23 capillary column (30 m × 0.25 mm ID and 0.25 µm film thickness; J & W Scientific, Folsom, CA, USA). The oven temperature ranged from 170 to 210 • C with an increase of 2 • C/min and then was held at 210 • C for 10 min. The carrier gas was helium (0.5 mL/min) and the injector and detector (FID) temperatures were 250 • C. The split ratio was 1:100 and the sample injection volume was 0.2 µL. [5] Each sample was identified by comparison to a standard FAME reference mixture (Sigma-Aldrich Chemicals 189-19). Squalene analysis was determined from the squalene that appeared in the fatty acid chromatogram. All fatty acid peak areas were calculated by the HP 3365 Chemistation program and recorded as a percent of the total peak area.
Iodine values (IV) were calculated from fatty acid percentages by using the following formula: [21] IV = (% Palmitoleic × 1.001) + (% Oleic × 0.899) + (% Linoleic × 1.814) + (% Linolenic × 2.737). Oxidative susceptibility (OS) was estimated from fatty acid values by using the formula given by Cert et al.: [22] Oxidative susceptibility (OS) = MUFA + (45 × Linoleic) + (100 × Linolenic).
TAG composition determination. The analysis of TAGs was performed according to the official liquid chromatographic method described in Regulation EEC/2568/91 of the European Union Commission. [17] The apparatus was an Agilent 1200 high performance liquid chromatography (HPLC) consisting of a degasser, quaternary pump, manual six-way injection valve, refractometer detector, and Chemistation software (HP 3365) package program for instrument control, data acquisition, and data analysis. The results were expressed in percentage of total TAG. A Superspher 100 RP-18 HPLC column (Merck, Germany) (250 × 4 mm i.d. × 4 µm, temperature 35 • C) was used. A loop of 100 µL capacity was used in which 0.5 µL sample was injected. Acetone (63.6%)/acetonitrile (36.4%) was a mobile phase with a flow rate linear gradient (1.200 mL/min) under nebulizer gas pressure 2.00 bar for 45 min. Nineteen TAG identifications were made by comparing our results to data in the literature [9] and by calculating the ECNs. The TAGs are designated by letters corresponding to abbreviated names of fatty acid carbon chains that are attached to the glycerol. The abbreviations of fatty acids are P (palmitoyl); Po (palmitoleyl); S (stearoyl); O (oleoyl); L (linoleoyl); and Ln (linolenyl).
Determination of the maximum differences between the real and theoretical ECN 42 TAG contents ( ECN42) in olive oil samples was calculated using a computer program developed by the International Olive Council. [23] These analyses are usually used for detecting the presence of seed oils. The content of TAGs with ECN42 determined by HPLC analysis and the theoretical content of TAGs with ECN42 (calculated on the basis of GLC determination of fatty acid composition) correspond within a set limit for pure oils. A difference larger than the values stated in the Regulations [17, 23, 24] for each type of oil shows that seed oil is present in the sample.
Statistical Analysis
Data of olive oil samples were presented as mean ± standard deviation (SD) and for the results shown in all tables the confidence intervals were calculated at 95%. In the case of the comparison of the mean values from all analysis the Student's t-statistic was used at appropriate confidence levels. Statistical analysis was performed using the SPSS 10 statistics software (SPSS Inc, Chicago, IL, USA).
Multivariate Analysis
Characterization and classification of monocultivar olive oils from different locations in Turkey were carried out using chemometric methods, PCA (Ward Method) and HCA (Euclidian Distance), based on on FA and TAG profiles. Multivariate analysis was performed using the Matlab 7.5.0 (R2007b, Mathworks Inc, Boston, MA, USA). Data were normalized prior to chemometric analysis.
RESULTS AND DISCUSSION

Quality Indices
The results for FFA, PV, UV coefficients, oxidative stability, total chlorophyll, total phenolic compounds, ortho-diphenol contents, and color scale based on BTB indices are shown in Table 2 . The FFA values were between 0.25 and 2.30% oleic acid ( Table 2 ). The FFA test has traditionally been used as a basic commercial criterion for grading olive oil. According to the distribution of FFA values, Turkish virgin olive oils were classified as extra virgin (4 out of 13 or 30.76%), virgin (61.54%), and lampante (or inedible) (7.69%) using the official FFA maximum values of 0.8, 2, and less than 3.3%, respectively, as guidelines.
The PV ranged from 1.13 to 22.6 meq O 2 /kg oil where 15.58% (2/13) of the total samples had values above 20 meq O 2 /kg oil, the acceptable limit of the IOC [23] and the Turkish Food Codex. [24] The PV of samples may be affected by all conditions from extraction to storage after oil extraction. When olives were stored for 2-5 days in jugs or plastic sacks at 20-25 • C prior to oil extraction, the FFA (max 0.8%) and PV values (max 20 meq O 2 /kg oil) exceeded the recommended limits for extra virgin olive oil.
The ultraviolet (UV) absorption values at K 232 and K 270 ranged from 1.31 to 3.02 and 0.12 to 0.41, respectively. The UV absorption extinction coefficient at 232 nm (K 232 ) shows primary oxidation of oil and the degree of conjugation of PUFAs, linoleic, and linolenic acids. K 270 is an indication of carbonyl compounds, aldehydes, and ketones and is related to secondary oxidation products. [7] The UV absorption values allow an approximation of the oxidation of unsaturated oils.
The UV absorption extinction coefficients, particularly K 270 , in about 50% of our samples were below the limits established for extra virgin olive oils by IOC [23] and the Turkish Food Codex. [24] The Turkish virgin olive oil samples were classified as extra virgin (6/13 or 46.15% with K 270 < 0.22), virgin (2/13 or 15.38% with K 270 < 0.25), and ordinary (5/13 or 38.36%) olive oils. The values of UV absorption, including K 232 and K 270 , are influenced by cultivar, fruit quality (damaged versus perfect), climatic and growing conditions, harvest time, altitude, crop season, growing location, and storage conditions. [4,7,12−15] The FFA values of oils extracted using the classic hydraulic press system were a little higher than those of the three-phase continuous system. This might be a result of the prolonged processing time. During phase separation in the classic hydraulic press system samples, which can take hours, some oxidation may take place.
Quality indices, such as FFA, PV, and extinction coefficients (K 232 and K 270 ), of the oil samples were in agreement with those of commercial oils collected from different locations of Turkey [2] [3] [4] [5] and other Mediterranean countries. [10, 12, 14, 15] There was a wide distribution in FFA, PV and UV absorption, K 232 and K 270 values for samples and groups.
The differences in quality parameters may be due to agronomic and post-harvest conditions. Low FFA, PV, K 232 , and K 270 values are more likely to result from high quality.
Total Phenolic Compounds and Ortho-Diphenolics
Although there is no agreed upon official norm for evaluating total phenolic compounds in virgin olive oils, the analysis of total phenolic compounds is recommended. These compounds are from the fundamental antioxidants of virgin olive oils, which have both lipophilic and hydrophilic properties. The phenolic compounds in virgin olive oils are one of the bases of the nutritional importance and shelf life of this oil. These compounds Table 2 Information on basic quality parameters and selected chemical properties of olive oils and color scala. 
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could be identified as the main source of the overall antioxidant activity and sensory properties of virgin olive oils. [4, 7, 10, 25] The total phenolic compounds ranged from 16.50 mg/kg caffeic acid (South Aegean-P) to 179 mg/kg caffeic acid (Akhisar), while ortho-diphenol contents of oil samples were between 50 mg/kg caffeic acid (Kemalpaşa 1) and 101 mg/kg caffeic acid (Nizip) ( Table 2 ). The oils, except the South Aegean (SA-C) sample, from a three-phase continuous system had higher total phenolic compounds than those of the hydraulic press system. The decrease in phenolic content may be explained by the higher solubility of phenolics in the water at a temperature in excess of 80 • C in the classic hydraulic press extraction system. The loss of phenolic compounds increases with temperature, time, and volume of solvent. [10, 12, 14, 25] Therefore, a large amount of the phenolic fraction is eliminated with the waste water as a result of the classic hydraulic press systems used in Turkey. The foot oil sample was obtained by foot stomping the olives in a wooden trough followed by decanting the oil from the paste without the addition of water. Therefore, the total phenolic content of foot oil was higher than that of the classic hydraulic press samples.
Phenolic substances contribute to the stability, aroma, and characteristic bitter flavor of virgin olive oil. The total phenol contents of our oil samples could be considered low to medium when compared to other Turkish, [3, 4] Spanish, [10, 12] and Italian [25] olive oils. However, our total phenolic contents were higher than those of Croatian [18] and Tunisian [14] olive oils. The ortho-diphenol contents of our oil samples were similar to those reported by researchers in some other Mediterranean countries. [4, 14, 19, 25] The concentration of phenolic compounds in virgin olive oils is affected by many agronomic and technological factors, such as cultivar, growing location, climate, degree of maturation, crop season, irrigation, the oil extraction systems (malaxation time, temperature, and water content), and storage condition. [12, 25] 
Oxidative Stability
Although there is no agreed upon standard method for oxidative stability analysis in virgin olive oils, the oxidative stability tests are recommended. Table 2 shows that the change in peroxide values (CPV %) of oil samples ranged from 17.32 to 1567.30%, reflecting the different oxidative stabilities of the oils. The monocultivar oil samples showed the highest stability due to their richness in total phenols, ortho-diphenols, and chlorophyll contents. The oils from higher altitudes were shown to have a high oxidative stability, [4, 26] in agreeement with our findings, especially for Nizip (530 m) and Yesilyurt (640 m). Although Uslu had high total phenols and ortho-diphenolic compounds, Uslu had the lowest oxidative stability of all the oils in our study.
The total phenol content does not explain the oxidative stability of the monocultivar oils completely. Whereas the oils of Pajajero and Picholine cultivars have higher contents of polyphenols than Picual and Koroneiki cultivars, the oxidative stabilities of the former are lower. [26] The results of the oxidative stability of Turkish virgin olive oil from different locations are in agreement with the findings on domestic varieties taken from different geographic locations in Turkey [4] and the data reported on Turkish olive cultivars in the World Olive Collection at Cordoba, Spain, by Tous et al. [27] There were appreciable differences among oil samples in terms of the oxidative stability (Table 2) , perhaps due to cultivar characteristics, especially depending on antioxidant substances (phenolic components) and ecological factors related with location. The oxidative stability depends on the olive variety and quality, location, maturity stage, oleic/linoleic or MUFAs/PUFAs ratio, [18] the concentration of natural antioxidants (squalene, phenolic substances, tocopherol content, volatile components), oil extraction systems, and storage conditions. [4, 25] 
Total Chlorophyll (TC) Contents
The TC contents in samples were between 0.20 and 8.78 mg/kg. There is no official standard for TC content; however, chlorophyll should be between 1 and 20 mg/kg. Cholorophyll has always been considered a characteristic pigment of virgin olive oil. [7] The oil samples from the three-phase centrifugation system had higher total cholorophyll contents that those from the hydraulic pressure system. The total levels of chlorophyll pigments in olive oil depend on genetic factors, the stage of fruit ripeness, fruit quality, the altitude, the extraction process, and storage conditions. [10, 12, 25] Oils rich in chlorophyll were rapidly oxidized when exposed to light, so typically, early harvest oils should be stored in a dark bottle in order to preserve the quality. The results of total chlorophyll content analyses agreed with the findings of others. [10, 14, 19, 25] 
Color Determination
The color scale changes based on BTB indices of oil samples were between 2-1 and 2-3. No important color differences in monocultivar oils have been noted among domestic and foreign olive cultivars at the National Olive Orchard of Turkey. [5] The data on the color changes was generally similar to the results of these researchers. The color of olive oil varies depending on the maturity of the olives at harvest. The pigments (chlorophylls, pheophytins, xantophylls, and carotenes) present in the olive fruit at harvest give color to olive oils. As olives mature, the color of the extracted oil changes from light green to golden-yellow and overripe fruit gives olive oil a green to light brown color due to the presence of pheophytins. Also, the oil extraction systems may affect the color of virgin olive oil. [7] 
Squalene Content
Olive oil contains large amounts of squalene, a terpenoid hydrocarbon. Squalene is a phytosterol with antioxidant properties that comprises over 90% of the hydrocarbon fraction. Squalene ranged from 0.35 to 0.68% ( Table 3 ). The differences in squalene levels in olive oils may depend on the specific cultivar and the altitude at which the trees are grown. [7] Our results on squalene concentrations agreed with the findings of others. [5, 13] 
Fatty Acid Composition
The FA composition is a quality parameter and an authenticity indicator of virgin olive oils. As shown in Table 3 , numerous cis-trans isomers of FAs were detected in the oil samples produced from important domestic olive cultivars from different locations in Turkey. The MUFAs (monounsaturated fatty acids) are of great importance because of their high nutritional value and contribution to the oxidative stability of oils. Oleic acid, the predominant FA in virgin olive oil, was between 68.84 and 77.07%. The oil sample (Nizip Yaglik, NZP) from the southern part of Turkey had the lowest oleic acid and MUFAs levels compared to the samples from the other districts (especially the Aegean region) ( Table 3) . Table 3 The concentrations of cis-trans isomers of fatty acid in the virgin olive oil samples collected from different locations of Turkey. * 
Samples
Fatty acids
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Linoleic acid, which is much more susceptible to oxidation than MUFAs, ranged from 7.45 to 10.98%. Palmitoleic, stearic, linolenic, and arachidic (20:0) varied between cultivars, however, the actual contents were small ( Table 3 ). The linolenic acid (18:3) level of our samples was below the maximum value fixed by the IOC (1.0%) and by the Turkish Codex and the EU (0.9%). These findings are in agreement with the results from other Turkish olive oils [2−5] and those of oils found in various olive oil producing countries of the Mediterranean basin. [9] [10] [11] [12] [13] [14] [15] 19] The percentages of SFAs (saturated fatty acids), MUFAs, and PUFAs (polyunsaturated fatty acids) of virgin olive oil samples produced from different locations, were also calculated ( Table 3 ). The oil samples from South Aegean zones, specifically Memecik, contained the highest percentage (77.35-78.75%) of total MUFAs, while the oil samples from the North Aegean region, specifically Ayvalik, had the highest total PUFAs (11.31-11.49%) due to the high linoleic acid content. Monocultivar oil samples are classified as the North Mediterranean type, characterized by low linoleic and palmitic and high oleic acid contents. [5, 7, 13, 19] The FA composition of the commercial virgin olive oil samples from different locations of Turkey have been shown to be different with regard to the ratios of MUFAs to PUFAs, which have a strong effect on the oxidative stability ( Table 3 ). The oils from the Memecik cultivar (South Aegean zone) had higher ratios of MUFAs to PUFAs than those of Ayvalık cultivar oils (North Aegean zone) ( Table 3 ). The nutritional fatty acid (linoleic/linolenic or n6/n3) ratios of oil groups ranged from 12.02 (Kemalpaşa, Memecik) to 24.13 (North Aegean−HP). Thus, the ratios were greater than 12 (a value considered to be optimal) for Turkish olive oils. [5] The oils from Ayvalik cultivar (North Aegean zone) had higher linoleic/linolenic (or n6/n3) ratios, whereas the oils of Memecik cultivar (South Aegean zone) have lower ratios. The Palmitic/Linoleic (P-L) ratio in oil samples changed from 1.12 (NA−P, Ayvalık) to 1.99 (Selimiye, Memecik), while the PUFA/SFA (PF-SF) ratio was between 0.46 (Selimiye, Memecik) and 0.72 (NA-P, Ayvalık) ( Table 3 ). The minimum recommended the PUFA/SFA ratio for nutritional value 0.45 and these values, important for nutrition, are similar to the data reported on domestic and foreign olive cultivars in the National Olive Collection Orchrad of Turkey at Kemalpaşa,İzmir. [5] The differences in FA profiles of virgin olive oils depend on the region of olive production. Primary factors affecting FA composition, especially oleic acid content, in virgin olive oils may originate from latitude, climate, [9, 15] olive cultivar, and/or stage of fruit maturity during harvest. [27] The distribution of FA in virgin oil samples was in agreement with those of oils collected from different locations in Turkey [2, 4, 5] and with the results found by other authors working on Turkish olive oil cultivars. [3, 27] Also, these values were similar to those reported for olive oils from most other countries of the Mediterranean basin. [9, 13, 19] However, Tunisian [14] and Jordanian oils [15] and some Spanish oils [10, 11, 12] were considerably different from our findings in terms of the high or low levels of palmitic, oleic, linoleic, and sometimes lignoceric acids.
Palmitic, oleic, linoleic, and stearic acids were found to be major FAs. Palmitoleic, linolenic, and arachidic acids were present in small amounts. All the values of FAs conformed to those of the IOC's regulation, [23] the EU, [17] and the Turkish Food Codex standards. [24] The level of palmitic acid, the major SFA in olive oil, ranged from 11.63 to 15.97% and the range of stearic acid levels in samples were 1.61-3.66%. The differentiation between structural isomers of these two FAs would bring a better knowledge of the chemical composition of olive oil and can be of great interest in their nutritional impact.
Elaidic acid and total trans isomers of linoleic and linolenic acids in Turkish virgin olive oils samples produced in different locations ranged from 0.00-0.05% and 0.04-0.08%, respectively. The oils contained small amounts (0.05-0.09%) of total trans fatty acids (TFAs). The total amount of TFAs in virgin olive oils should not exceed 0.1%. All trans FA isomers were generally within acceptable limits of the IOC's regulation, [23] the EU [17] and the Turkish Food Codex standards. [24] The iodine values (IV) were calculated according to their fatty acid compositions. The EU and IOC regulations do not have a specification for IV. The IV of Tunisian oil [14] was higher than those of our findings. The saturated (SFAs) and unsaturated (MUFAs and PUFAs) levels of olive oils affected the IV. Oxidative susceptibility (OS) were estimated based on FAs profile. These values represent the theoretical stability of the oil if its FA composition was equal to that of the less oxidizable olive oil. It was observed that the OS value of oil samples increased with high linoleic acid content more than MUFAs and total phenolics ( Table 2 and 3). Similar findings on the OS parameter was reported by Cert et al. [22] TAG Profile TAG data are a valuable quantitative measure of the quality and purity of vegetable oils and are of great importance as an authenticity indicator of geographic origin. [7, 8, 26] As shown in Table 4 , TAGs were detected in the oil samples produced from important domestic olive cultivars in different locations of Turkey. A typical HPLC chromatogram of a virgin oil sample (represented by the foot oil extraction method from Memecik) is shown in Fig. 1 . The main TAG peaks in the oil samples produced in different locations of Turkey were 1,2,3-trioleoylglycerol (OOO), 1,3-dioleoyl-2-linoleoyl-glycerol (LOO), 2,3-dioleyl-1-palmitoylglycerol (POO), 1-palmitoleoyl-2-oleoyl-3-linoleoyl-glycerol (PLO), and 2,3dioleyl-1-stearoylglycerol (SOO); these accounted for approximately 85% of total peak areas in the chromatogram.
TAG composition shows great variability between oils, as previously described for fatty acids. For example, the OOO varies between 25.15% (Yeşilyurt-Mugla) and 46.84% (Selimiye-Milas), the POO between 20.10% (Selimiye-Milas) and 26.58% (Yeşilyurt-Mugla), the LOO between 11.73% (Yeşilyurt-Mugla) and 15.35% (North Aegean-P), the PLO between 5.04% (Selimiye-Milas, FO) and 9.51% (Yeşilyurt-Mugla), and the SOO between 2.85% (Kemalpaşa 2-İzmir) and 6.80% (Nizip) ( Table 4 ). The presence of a high OOO level in olive oil constitutes a favorable authenticity indicator. [7, 8] These data are consistent with the high proportion of oleic acid in olive oils.
The results of five experimental equivalent carbon number analyses from ECN 42 to ECN 50 for virgin olive oils samples produced from important domestic olive cultivars in different locations of Turkey are also shown in Table 4 . Olive oil is essentially characterized by four major peaks with ECN's of 44, 46, 48, and 50 based on experimental equivalent carbon numbers of TAG's. [20] In descending order, the experimental value of ECNs in the oil samples are ECN48 (between 58.43 and 70.85%), ECN46 (between 19.22 and 24.95%), ECN50 (between 2.91 and 9.08%), and ECN44 (3.76 and 6.30%).
Concentrations of LLL, an important minor TAG and the ECN 42 fraction in the oil samples were between (0.03-0.31%) and (0.31 and 0.66%), respectively. The oils from Ayvalık cultivar (North Aegean origin) were more limited in values, while the LLL levels of oils of Memecik cultivar (South Aegean origin) have a wide range ( Table 4 ). The value of LLL in all oil samples did not exceed the maximum limit of 0.5% determined Table 4 The concentrations of triacylglycerol profiles in the virgin olive oil samples collected from different locations of Turkey. * Although analysis conditions were different (mobile phase), the main TAG values (OOO, POO, LOO, PLO, SOO, and LLL) and related parameters (ECN 42-ECN 50) are comparable to those of the most common Spanish, [11, 12] Greek, [8] and French [13] oils but have significant differences compared with Tunisian oils. [14] The ECN42, an important chemical parameter for detecting the presence of seed oils in olive oil, is calculated using a computer program according to both the experimental and theoretical ECN42 and ECN44 of the olive oil samples. The results are shown in Table 4 . The results of ECN42 were between 0.003 and 0.20. The value of 0.20 is given as the maximum for ECN42 by the IOC's regulation, [23] the EU, [17] and the Turkish Food Codex standards. [24] These data were in conformity with those of the national and international criteria.
Samples
There were differences among the data of TAG compositions of the monocultivar virgin oil samples from different locations. The obtained results showed that TAG composition was the most useful parameter for discriminating between cultivars or their origins. Variation in TAG composition may be due to factors, such as the nature of the cultivar, [14] soil characteristics, climatic conditions (humidity and rainfall), geographic position (altitude, latitude, distance from the sea), olive maturity, and irrigation. [8, 13] Multivariate Analysis FA and TAG profiles played a role in the characterization of virgin olive oil from different geographical locations of Turkey (Figs. 2 and 3) . The chemometric analysis (PCA) showed that PUFA/SFA was discriminative in classification of NA-P sample (North Aegean-Hydraulic Press) (Ayvalık). The Behenic, Arachidic, Stearic, POP (P3), SOO (S1), and ECN 50 (E5) aided in the characterization of AY-1 (Ayvalık 1-Balıkesir) sample (Ayvalık), whereas the AY-2 (Ayvalık 2-Balıkesir) sample (Ayvalık) was characterized with ECN 46 (E3), PUFA, and linoleic (L). The ECN 44 (E2) was responsible for the classification of The variance levels explained by the PCA in the oil samples were 33.02 and 57.16% for PC1 and PC2, respectively, while chemical data from FAMEs and TAGs were determined as 37.96 and 58.97% for PC1 and PC2, respectively. Also, the chemical values are highly correlated to LLL, PLO, OOO, ECN42, ECN44, ECN46, ECN48, ECN48/ECN46, OOO/PLO, Oleic, Linoleic, Margoleic, Gadoleic, MUFA, PUFA, TFA MUFA/PUFA, and Palmitic/Linoleic for PC1, LOO, SOO, ECN 50, PLL/OLL, Palmitic, Stearic, Arachidic, Lignoceric, SFA, and Iodine Value for PC2, respectively. These chemical components best describe the monocultivar virgin olive oil samples from different locations around Turkey. In the present study, the virgin olive oils from different geographic locations of Turkey were classified by chemometric methods (PCA and HCA). The dendrogram (Fig. 4 ) based on the HCA results (Euclidean method) of olive oil samples could be separated into three groups based on FA and TAG profiles.
The first part of group one is made up of AY-2, BH, NA-C, and NA-P (Ayvalık cultivar), whereas the second part of this group is composed of KP-2 (Uslu cultivar), AH (Ayvalık cultivar), and SA-P (Memecik). Group two comprised AY-1 (Ayvalık), NZP (Nizip Yaglık), and YY (mixed cultivars, mostly Memecik). Group three is made up of KP-1 (Memecik), SA-C, and SLM (Memecik). The HCA results indicated clustering of the samples by source (subregion or the geographical location). The oil samples were classified based on the olive growing zone according to the hierarchical cluster analysis results.
Similar investigations based only on fatty acids and TAGs compositional data for Greek, [8, 9] French, [13] Spanish, [11, 12] Tunisian, [14] and Turkish [2, 5] oils resulted in a few defined regions and crop years. These studies were carried out using different software programs (SAS, SPSS, SIMCA, Matlab, including PCA, HCA, and DA).
CONCLUSIONS
These data provide evidence of the variation in olive oil quality, especially the commercial oils, and total phenolics, ortho-diphenols, cis-trans isomers of FAs and TAG profiles resulting from Turkey's diverse ecological environments and important olive
